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1 

IMPROVED PROCESS FOR SUPPORTED PHASE SYNTHESIS 
Hie present Invention concerns an improved process for supported phase 
synthesis. 

In solid phase synthesis (SPS), also called supported phase synthesis, an oligomer 
Is assembled on a support by attaching sequentially appropriately protected monomers or 
other oligomers. This is done by sequential steps of coupling and deprotection, eventually 
separated by washing cycles. 

The monomer is a building block of the molecule to be assembled on the support 
Far example, but not restricted to, the monomer is an appropriately protected amino acid, 
an appropriately protected nucleotide, an appropriately protected peptide nucleic add, an 
appropriately protected saccharide or any closely modified structure of the same family. 

The oligomer is a structure made by assembling at least 2 or more of the 
monomers from a same family, or a combination thereof. Hie definition of oligomer 
comprises bio-oligomers. which includes but is not restricted to, peptides, 
15 oligonucleotides (DNA. RNAJ. oligosaccharides, peptide nucleic acids [PNAJ or a 
combination thereof. Hie oligomer maybe linear or branched. 

The support is a product to which the oligomer or first monomer is attached. This 
allows a thorough washing, to be performed when the oligomer attached to the support is 
in the solid state. Examples of supports are polystyrene beads, zeolites, controlled pore 
20 glass beads, cellulose, PEG resins, or polyamide, without being restricted thereto. Another 
example of a useful support is a polymer that may exist in a soluble state and can be 
precipitated by addition of an appropriate solvent in order to allow a thorough washing to 
take place. 

Hie support on which the solid phase synthesis is performed is functionallzed by a 

25 linker. 

A preferred example of a support is a polystyrene - 1% divfaylbenzene resin which 
Is often used in solid phase peptide synthesis. 

The term attaching or attachment means generally the formation of a covalent 
bond and is used for covalent bonds between any of the following: it may be Hie covalent 
bond between the first monomer and the support; wherein this bond is formed via a 
linker, or the bond formed between any of the monomers in the oligomer. The bond 
between the first monomer ami the support, which is formed via a linker, and the bond 
between monomers in the oligomer, may make use of any functionality of the monomer, 
e.g. functional groups in its backbone or side chain. In solid phase peptide synthesis, the 
first amino acid may be attached to the support via benzyiic type linkers. The linker is an 
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appropriate molecular structure that Is covalentiy attached to the support, and that will 
release the target oligomer under adequate chemical conditions- Benzylic type linkers 
such as benzyl ester or monoalkylajcybenzyl ester are often used, however, other linkers 
can also be considered. Benzylic type linkers release the target oligomer under acidolytic 
5 conditions. 

Under thorough washing is understood any technical method that will eliminate 
the residual by-products or reagents from the previous step, e.g. coupling or deprotection 
reagents. A thorough washing may be performed in a batch mode or In a continuous 
mode process. Examples of a continuous mode process are the thorough washing of the 

10 support with a solvent in a column or the elimination of by-products or reagents through 
physical means like centrifugation. 

In solid phase peptide synthesis (SFPS) the peptide Is assembled on a polystyrene 
bead as support. Construction of a peptide chain on a support instead of synthesis in 
solution has obvious benefits: separation of the intermediate peptides from soluble 

15 reagents and solvents can be effected simply by filtration and washing with consequent 
savings in time and labour over the corresponding operations in solution synthesis. 

The general principles of solid phase peptide synthesis are as follows (see Fmoc 
Solid Phase Peptide Synthesis, A Practical Approach, by W.c Chan and P.D. White. 
Oxford University Press, 2000. p. 41-76; Solid Phase Synthesis, A Practical Guide, by 

20 Steven A Kates and Fernando Alberiao. Marcel Dekker Inc. 2000. p. 275-330: Solid- 
Phase Peptide Synthesis, by Gregg B. Fields. Academic Press. 1997. pages 3-83): 
generally, the C-tenninal residue of the target peptide is attached to a support. The side 
chains of the amino acids can also be used for attachment to the linker. Most of, or 
preferably all off the functional groups In amino acid side chains must be masked with 

25 permanent protecting groups that are not affected by the reaction conditions employed 
during peptide chain assembly. The a-amlno group of each amino add to couple, is 
temporarily protected. After Initial attachment of the first amino add. the temporary 
protecting group masking the oc-amino group is removed. Thereafter, washings are 
performed. Then, an excess of the second amino add is introduced, with the carboxy 

30 group of this amino add being activated for amide bond formation by reaction with a 

coupling reagent. After this coupling, excess reagents are removed by washing. Then, the 
protecting group is removed from the N-ternrinus of the dipeptide. Another thorough 
washing takes place prior to the addition of the third amino add residue. This process is 
repeated until the desired peptide sequence is assembled, hi a final step, the peptide Is 

35 released from the support. 
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Extensive washings are required after each coupling step and after each cleavage 
of an a-amino protecting group, i.e. after each N-deprotection step, in order to eliminate 
deleterious chemical entities that will otherwise lead to sequence errors in the final 
peptide. In particular, if an activated amino add is still present during the N-deprotection 
5 step because the washing after the coupling -was not done property, unwanted coupling 
will take place with this amino acid and lead to Impurities corresponding to double 
addition of the same amino acid in the peptide sequence. Similarly, in some cases, if the 
washing after the N-deprotection and before addition of a new amino acid is not done 
properly, cleavage reagents will remain In the solution and lead to double amino add 
10 addition during the next coupling step. 

lb avoid these double addition sequences in the classical approaches, about 6 to 
10 washings are necessary after each coupling and another 6 to 10 washings are 
necessary after each N-deprotection step. This means that for each amino acid about 12 
to 20 washings are necessary in a classical approach, each of them using about 10 ml 
15 solvent / gr dry unloaded support (see Peptide Synthesis Protocols, by Michael W. 

Pennington and Ben M. Dunn. voL 35, Humana Press. Chapter 1, Paragraph 3.2.1; and 
Fmoc Solid Phase Peptide Synthesis, A Practical Approach, by W.C. Chan and P.D. White, 
Oxford University Press, 2000. Table 2 on page 15 in combination with p. 43). 
Reduction of the number of washing steps and the amount of solvent necessary in each 
individual washing step would be an important progress in terms of saving solvent and 
time. 

This applies not only to solid phase peptide synthesis but analogously to any 
synthesis process wherein an oligomer is assembled on a support. 

The problem to be solved by the present Invention was therefore to provide an 
improved process which greatly reduces the total amount of solvent and the process time, 
compared to the state of the art process. 

It has now been found that addition of salts during supported phase synthesis 
significantly improves the wash efficiency. It is even possible to perform the process 
without performing any washings between the coupling and the deprotectton steps. 

In one aspect, the invention therefore provides a process for attaching an 
appropriately protected monomer or oligomer to another monomer or oligomer which is 
protected by a protecting group and which is attached to a support, comprising the 
following steps: 

a) cleave the protecting group from the monomer or oligomer attached to the 
35 support: and then 
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b) perform a thorough washing; and then 

c) add an appropriately protected monomer or oligomer and couple it to the 
monomer or oligomer that is attached to the support, to form a covalent bond; 

characterized in that during the process, a salt PB") m 0M n which is soluble in a 
solvent used in this process . is added, wherein, if the salt is added in step 

c). the solvent is neither a chloroform/phenol nor a cmoroform/trlfluoroethanol 
mixture. 

In another aspect, the invention provides a process for attaching an a-amino 
protected amino add or peptide having an unprotected C-terminus to another amino acid 
or peptide which is protected by an c^amino protecting group and which is attached to a 
support during solid phase peptide synthesis comprising the following steps: 

a) cleave the a-amino protecting group from the amino add or peptide attached to 
the support; and then 

b) perform a thorough washing; and then 

15 c) add an a-amino protected amino add having an unprotected C-terminus and 

couple it to the amino acid or peptide that is attached to the support and that now has 
an unprotected N-tenninus. to form an amide bond;characterized in that during the 
process a salt {X™-) m {Y™-) a , which is soluble in a solvent used in this process , is added, 
wherein, if the salt CXp+) m [Ym-)o is added in step c), the solvent is neither a 

20 chloroform/ phenol nor a chlo i ofoim/trtfluoroethanol mixture. 

Preferably, the processes according to the Invention additionally comprise the 
following step: 

d) perform a thorough washing; wherein step d) is performed after step c). 

In a preferred aspect, the Invention provides a process for attaching an a-amino 
25 protected amino acid or peptide having an unprotected C-terminus to another amino acid 
or peptide which Is protected by an a-amino protecting group and which is attached to a 
support during solid phase peptide synthesis comprising the following steps: 

a] cleave the a-amino protecting group from the amino add or peptide attached to 
the support; 
30 b) perform a thorough washing: 

c) add an a-amino protected amino add or peptide having an unprotected C- 
teimmus and couple it to the amino add or peptide that Is attached to the support 
and that now has an unprotected N-terminus. to form an amide bond: and 

d) perform another thorough washing: 
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characterized in that at least to step a) a salt {X!«) I11 IY»-) B . which Is soluble to a solvent 
used in this step, is added. 

Step a) is known as deprotection step and step c) is known as coupling step in solid 
phase peptide synthesis. 
5 It is important that the amino acid or peptide that is added in step c) according to the 

invention is protected at its amino tenninuB but has an unprotected C-tenntous. 

The terra peptide as used in this invention encompasses peptides of any length, 
including short oligopeptides such as dipeptides or tripeptides. 

Any salt {X^CY*^ that has at least O.Ol % by weight solubility in the solvent may be 
10 used - »*raay be any cation, but is preferably ammonium, phosphonium or sulfbnlum. 
Y™- may be any anion but Is preferably fluoride, chloride, bromide, iodide, hydroxide, 
carbonate or hydrogenocarbonata. Salts in which Y^- is selected from nitrate, phosphate, 
hydrogenophosphate, dlhydrogenophosphate, tetrafluoroboxate. hexafluorophosphate. 
acetate, carbamates, cyanides, isocyanates. tetra-alkyiborate, tetraryiborate, 
15 trifluoroacetate. tosylate or mesylate may be used. Preferably, the salt gs**)m(r«»)o is 

selected from the group of quaternary ammonium salts, ionic liquids, phosphonium salts, 
inorganic cation or sulfonium salts. The present invention also encompasses any mixture 
of these salts. 

A particularly improved washing efficiency is achieved when the quaternary 
20 ammonium salt is selected from benzyltrimethylammonium hydroxide (BTMA hydroxide), 
benzyltrlmethylammonlum chloride (BTMA chloride), ben^trimethylammonium 
carbonate (BTMA. carbonate); the phosphonium salt is tetrabuiylphosphonlum bromide; 
and the sulfonium salt is trtethylsulfonlura tetrafluoroborate. Any mixture of these salts is 
also encompassed by this invention. 
25 The salt (X^O^kis typically used to a concentration of 1 to 2 weight % by volume 

solvent in the thorough washing. The concentration may be decreased to 0.1 weight % or 
increased to its solubility limit in the solvent used. 

By addition of the salt CX^) ra [Yto-j I1 also m the thorough washing after cleavage of the 
a-amino protecting group, or to toe step of coupling an a-amtoo protected amino acid to 
the peptide on the support or to the thorough washing after this coupling, the wash 
efficiency can be even further Improved. It is therefore preferred to add the salt K^nJY^n 
not only to step a but additionally to any one or more of the other steps b), c) or d). 

In another preferred aspect, the invention provides a process for attaching an a-amtoo 
protected amino add or peptide having an unprotected C-terminus to another amino acid 
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or peptide which la protected by an a-amino protecting group and which is attached to a 
support during solid phase peptide synthesis comprising the following steps: 

a) cleave the a-amino protecting group from toe amino acid or peptide attached to 
the support; 

b) perform a thorough washing; 

c) add an a-amino protected amino add or peptide having an unprotected C- 
tenninus and couple it to the amino add or peptide that is attached to the support 
and that now has an unprotected N-termlnus, to form an amide bond; and 

d) perform another thorough washing: 

characterized to that at least in step b) a salt P0"jin(vta-) o , which is soluble in a 
solvent used in this step, is added. 
It is preferred to add the salt (X»*WX>*)n not only In step b), but additionally In any 
one or more of the other steps a), e) or d). 

In another preferred aspect, the Invention provides a process for attaching an o> 
15 amino protected amino acid or peptide having an unprotected C-terminus to another 
amino acid or peptide which is protected by an a-amino protecting group and which is 
attached to a support during solid phase peptide synthesis comprising the following 



10 



a) cleave the a-amino protecting group from the amino add or peptide attached to 
20 the support; 

b) perform a thorough washing; 

c) add an a-amino protected amino add or peptide having an unprotected C~ 
teiminus and couple it to the amino add or peptide that is attached to the support 
and that now has an unprotected N-termlnus, to form an amide bond: and 

25 d) perform another thorough washing: 

characterized in that at least In step c) a salt K"*Mr~-)n. which is soluble to a solvent 
used in this step. Is added, wherein the solvent Is neither a chloroform/phenol nor a 
chloroform/ trifluoro ethanol mixture. 

It is preferred to add the salt CX^mO^)* not only in step cj. but additionally in any 
30 one or more of the other steps a), b) or d). 

In another preferred aspect, the Invention provides a process for attaching an a-amino 
protected amino add or peptide having an unprotected C-terminus to another amino add 
or peptide which is protected by an a-amino protecting group and which is attached to a 
support during solid, phase peptide synthesis comprising the following steps: 
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a) cleave the a-amino protecting group from the amino acid or peptide attached to 
the support; 

b) perform a thorough washing; 

c) add an a-amino protected amino add or peptide having an unprotected C- 

5 terminus and couple it to the amino add or peptide that is attached to the support 

and that now has an unprotected N-tenninus, to form an amide bond; and 
dj perform another thorough washing; 

characterized in that at least in step d) a salt CX^) m Cy**) a , which is soluble in a solvent 
used in this step, is added- 
10 It is preferred to add the salt (^UtX^h, not only in step d) , but additionally in any 

one or mare of the other steps a), b) or c). 

A wide variety of solvents may be chosen for all steps of the process. Preferably, the 
solvent is selected from DMF lN,N-dimethylforTOaxxUde), NMP (N'methyipyrrolidinone}, 
DCM (dichloromethane). ACN (acetonitrile), esters of acetic add, acetone, dioxane, glymes 
15 ethers, low alkyl carbonates, DMSO (dimethylsulphoxide) . DME (dimethoxy ethyl ether), 
DMBU ( 1 , 3-dimethyi-2-iinidazolidinone) , DMFU (l,3-dimethyl-3,4 > S,6-tetraliydro.2(lH3- 
pyrimidinone), 1 , 2-dichloroethane, isopropanoL tert-butanol, methylethylketone, 
formamide, sulpholane, CHCfe, CO* THF (tetrahydrofuran). DMA (N.N- 
dimethylacetamide), supercritical fluids, ionic liquids, water or any mixture of theses 
20 solvents. Most preferably the solvent is N, N-dtaethylformamide, N~methylpyirohdinone or 
a mixture of them. 

According to the invention, the thorough washing b) that takes place after the 
cleavage of the a-amino protecting group from the peptide preferably comprises not more 
than 8, most preferably not more than 5 washing steps. This is a considerable 

25 improvement over the prior art solid phase peptide synthesis process where about 10 
washings are necessary in order to remove the cleavage reagents properly and to avoid 
double addition sequences. 

The thorough washing d) according to the Invention, which may take place after the 
coupling of an a-amino protected amino add, preferably comprises not more than 5 

30 washing steps and most preferably not more than 2 washing steps, or it can be skipped 
completely. This is again a considerable improvement over the prior art solid phase 
peptide synthesis process where 6 to lO washings are necessary in order to properly 
remove excess amino acid and to avoid double addition sequences. 
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The volume of solvent used in each single wash step according to the invention is 
about 1 to 9 xnl/gr dxy support compared to about 10 ml solvent / gr dxy unloaded 
support in the prior art approach. 

Diy support means the support in its dry state before any solvent has been added to 

5 it. 

Generally, each washing step lasts usually for about 2 minutes and can be reduced to 
about 1 minute each. The individual washing time can be increased up to 60 minu tes 
and more. The thorough washing can also be done in a continuous flow mode instead of 
individual washing steps, in that case, the flow rate must be adapted. The process as 
10 described above may be performed at a temperature between O to 50°C, preferably 
between 0 to 35°C and most preferably between 18 to 22°C. The process is usually 
performed under atmospheric pressure but it is also applicable under higher or lower 
pressure. 

In the coupling step c) any well known coupling agent such as DIC (1,3- 

15 diisopropylcaibodiiniide), DCC (1,3-chcyxdohexylcarbodiiroide), EDC (N-ethyl. N*- (3- 
dimethyl-amtaoprop^ hydrochloride), FyBOP [BenzotriazoH- 

ylos^vtripyrroUdinophosphonium hexafluarophosphate) or HBTU (O-benzotrtazol-l-yl- 
N,N,]>T r lvr-tetramethyluronitim tetrafiuoroborate) may be added. According to this 
invention, it is preferable to use DIC. 

20 Suitable a-amino protecting groups for solid phase peptide synthesis are well known 

in the art (see Ftooc Solid Phase Peptide Synthesis, A Practical Approach, by W,C, Chan 
and P.D. White, Oxford University Press, 2000; Solid Phase Synthesis, A Practical Guide, 
by Steven A Kates and Fernando Alberido, Marcel Dekker Inc., 2000; Solid-Phase Peptide 
Synthesis, by Gregg B. Fields, Academic Press, 1997). 

25 One group of known a-amino protecting groups is cleavable under basic conditions. This 
group encompasses Fmoc (9-fluorenylmethoxycarbonyl) and Nsc (p- 
Nib^henylsulphonyletho^arbocaate) but is not limited thereto. The preferred cleavage 
reagent for this group of a-amino protecting groups is piperidine but other bases such as 
morpholine may also be used. Optionally, it is possible to add DBU (1,8- 

30 diazabicyclo [5 A . 0]undec-7 ene) as an additlonnal cleavage reagent. 

When base-cleavable a-amino protecting groups as defined above are used and the 
washing is not properly done, the cleavage reagents such as piperidine wfll remain in 
residual amounts in the solvent during the next coupling step. Thereby premature 
cleavage of a-amino protecting groups dining the coupling step takes place which again 

35 may result in double addition sequences, it has been found that addition of an acid in the 
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thorough washing b) as defined above helps to protonate residual cleavage reagents such 
as piperidine, and enhance the removal efficiency of these cleavage reagents. 
Any add that is inert to the linker used on the support may be added in cycle b). It is 
preferably selected from HOBt (1-hydroxyb enzotriazole) , HOSu IN-hydroxysuccinamlde) , 
5 TFA (trifluoroacetic add), HOOBt (3-hydrosy-l ,2, 3-benzotriazin-4(3HJ-ane) % HOAt [7-aza- 
l-hydroxybenzotriazole) . HCL H*SO*, HN0 3 » HbFO* Most preferably, the add is HOBt. If 
the thorough washing b) consists of 5 washing steps, It Is preferred to add the acid in the 
second or third step. 

Another group of oaxnlno protecting groups is cleavable under add conditions. 
10 This group encompasses Boc [tert-butoxycarbony]), Trt (TrityU and Bpoc (2-p- 

Biphenylisopropyloxycarb onyl) but is not limited thereto. The preferred cleavage reagents, 
added in step a), for this group of a-araino protecting groups is TFA (trifluoroacetic acid] 
In DCM (dichloromethaiie), followed by a treatment with a base, such as TEA 
[triethylamine). Hie base is added in step b], 
15 Another group of a-amino protecting groups considered by this invention is stable 

under acidic and basic conditions. Examples of such a protecting group are 
Benzyioxycarbonyi and Allylo^carbonyl which may be cleaved respectively by catalytic 
hydrogenation or by palladium based chemistry. 

All the above-mentioned embodiments concern the process of coupling a single 
20 amino add or peptide to a another amino add or peptide linked to a support This 

process may be repeated in order to add several amino acids or peptides and to assemble 
a longer peptide. 

Hence, this invention also relates to a process for synthesizing a peptide 
comprising! 

25 a 1 ) attaching a first amino add or peptide, having an o amino protecting group, via its 

Oterminus on a functionalized support; 

bl perform the process as described above with the following amino add or peptide 
foreseen in the sequence; 

cO repeat step b") with the appropriate amino acids or peptides until the desired 
30 sequence is achieved; and 

d*) deave the assembled peptide from the support by an appropriate method. 



35 



The process applicability is not scale dependent; it can for example be performed for 
a few milligrams or at the scale of several tons. 

The following examples are provided for illustrative purposes. 
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Example 1 

la this comparative example, no salt (Xf l+ ) m (Y^) n was used in any of the step. 
A hexapeptide with the sequence Ftaoc-Glu(Xrt)-Asp(0 
5 OH, herein Trt (trityl), OtBu ttert-butyiester), tBu (tert-butylether). Pbf [2. 9 ZA3.7^ 
Fentamethyldihydro-benzofur^ are side chain protecting groups, was 

synthesised on a 2-chlorotiityl polystyrene resin, according to the following protocol. 
Hie solvent volume in liter In each wash step was 4 times the weight in kilogram of the 
starting Fmoc-ArgCFbfl loaded dry resin. 

10 

1) Swell and wash 5-33 g of the resin loaded with Fmoc-ArgtPbf)-OH 

2) Cleave the a-amino protecting group Fmoc by adding 3 times during 10 minutes a 
NMP solution comprising 1 volume % DBU and 5 volume % plpertdine. 

3) Wash once with NMP during 2 minutes 

15 4) Wash once with 5 weight % HOBt in NMP during 2 minutes 

5) Wash 7 times with NMP during 2 minutes 

6) Add 1.409 g Fmoc-Ser(tBuJ-OH and couple it to the resin-linked ArgfFbfl in NMP. 
using 0.76ml DIC, 0.25 g HOBt Kaiser monitoring is performed 

7) Wash 9 times with NMP, during 2 minutes each 

20 8) Tteit 3 times during 10 minutes with 5 volume % pipertdSne / 1 volume % DBU 

in NMP, in order to cleave the Fmoc protecting group 

9) Wash once with NMP during 2 minutes 

1 0) Wash once with 5 weight % HOBt in NMP during 2 minutes 

11) Wash 7 times with NMP during 2 minutes 

25 12) Repeat steps 6-1 1 with the next amino adds Ftnoc-Met-OH (1.43 g). Fmoc-Ee-OH 

(1.28 g). Ftaoc-Asp(OtBu)-OH (1.535 g). Fmoc-GtafTrt]-OH (1.93 g) 
13) Cleave the hexapeptide from the resin 

Kaiser monitoring is a rapid visual and semi-quantitative test which allows to 
30 evaluate the completeness of the coupling reaction in solid phase peptide synthesis (see 
Kaiser E et aL. AnaL Biochemistry, USA, 1970 34 n° 2, p. 595-598). 
Example 2 

In this example according to the invention. BTMA chloride salt (40% w/w solution in 
MeOHJ was used in the Fmoc protecting group cleavage (step a). 
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Hie same hexapeptide as in Example 1 with the sequence Fmoc-GlnmrQ-Asp(OtBt0- 
ne-Met-SerttBu)-AxgOPbj()-OH. whereto Trt OtBu, tBu, Pbf are side chain protecting 
groups, was synthesised on an identical 2-chlaiutrityl pofystyrene resin (same lot number} 
as used to example 1, according to the following protocol, 
5 The solvent volume in liter in each wash step was 4 times the weight in kilogram of the 
starting Ftnoc-Arg(Pfaf) loaded dry resin. 



1) Swell and wash 5. 09 g of the resin loaded with Fmoc-ArgtPbf)-OH 

2) Cleave the a-amino protecting group Fmoc by adding 3 times dining 10 minutes a 
10 NMP solution comprising 1 volume % DBU. 5 volume % piperidine and 2 weight 

% BTMA chloride 

3) Wash once with NMP, during 2 minutes 

4) Wash once with 5 weight % HOBt in NMP during 2 minutes 

5) Wash 3 times with NMP during 2 minutes 

15 6) Add 1.48 g Fmcw>Ser(tBu)~OH and couple it to the resin-linked ArgtPbf) in NMP, 

using 0.72 ml DIC, 0.24 g HOBt. Kaiser monitoring is performed 

7) Wash 2 times with NMP, during 2 minutes each 

8) Tteat 3 times during 10 minutes with 5 volume % piperidine / 1 volume % DBU 
and 2 weigjbt % BTMA chloride in NMP, in order to cleave the Ftnoc protecting 

20 group 

9) Wash once with NMP, during 2 minutes 

1 0) Wash once with 5 weight % HOBt in NMP during 2 minutes 

11) Wash 3 times with NMP during 2 minutes 

12) Repeat steps 6-11 with the next amino acids Fmoc-Met-OH [1-44 gj. Finoc-Ile-OH 
25 (1.30 g>. Fmoc~Asp(OtBuJ-OH (1.57 g), Fmoc-Glnfmj-OH (3-14 g) 

13) Cleave the hexapeptide from the resin 



Results 

Net yield and HPLC purity were analysed for the final hexapeptide, as produced 
30 according to example 1 and 2, 
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Example 1 (without BTMA. 
chloride) 


Example 2 (with BTMA. 
chloride) 


Washes after coupling 


9 


2 


Washes after Fmoc cleavage 


9 


5 


HPLC purity- 


74-7% 


93.9% 


Net yield (based powder rate 
and peptide content by 
aminoacid analysis) 


67,6% 


74.5 % 



These results clearly show that addition of a salt as defined according to this 
5 Invention in the cleavage step of the a-amino protecting group gives higher yield and 

higher peptide purity, hence less sequence errors. This improvement is reached with only 
7 wash steps in total per each aminoacid incorporation, compared to 18 in the 
comparative example. 



10 Example 3 

In this comparative example, no salt CX^imlY^iuwas used in any- of the step. 

A heptapeptide with the sequence Fmoc- Ser(tBu)-TyrftBu)-Arg(Fbg~Lys(Boc).Val- 
Leu-Gly-OH, wherein tBu (tert-butylether), Fbf (2,2,4.6,7-Pentamethyldihydro- 
15 henzofuran-5-sirifonyl) are side chain protecting groups, was synthesised on a 2- 
chlorotrityl polystyrene resin, according to the following protocol. 

The solvent volume in liter in each wash step was 3. 5 times the weight in kilogram of the 
starting Fmoc~GJy loaded dry resin. 



20 1) Swell and wash 4. 15 g the starting resin loaded with FmooGly-OH 

2) Cleave the a-amino protecting group Fmoc by adding 3 times during 10 minutes a 
NMP solution comprising 1 volume % DBU and 5 volume % piperidine. 

3) Wash once with NMP during 2 minutes 

4) Wash once with S weight % HOBt in NMP during 2 minutes 
25 5) Wash 8 times with NMP during 2 minutes 
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6) Add 1 .98 g Ftaoc-Leu-OH and couple it to the resin-linked Gfy in NMP. using 1.05 
ml DIC, 0.331 g HOBt. Kaiser monitoring is performed 

7) Wash 9 times with NMP, during 2 minutes each 

8) Treat 3 times during 10 minutes with 5 volume % piperldine / 1 volume % DBU 
5 in NMP, in order to cleave the Frnoc protecting group 

9} Wash once with NMP during 2 minutes 

10) Wash once with S weight % HOBt in NMP during 2 minutes 

11) Wash 4 times with NMP during 2 minutes 

12) Repeat steps 6-1 1 with the next amino adds Ftooc4val-OH (1.91 g), Fmoc- 
10 Iys(poc)-OH (2.43 g), Fmoc-AigCFbfl-OH (332 gk Ftaoc--iyr(tBu)-OH (2.28 g). 

Ftnoc-Ser(tBu)-OH (1.84 g). 

13) Cleave the peptide from the resin 



15 



20 



Example 4 

In this example according to the invention, BTMA. hydroxide salt was used in the 
washing d) after coupling. 

The same heptapeptide as in Example 3 with the sequence Fmoc-Ser(tBu)-Tyr(tBu)- 
Arg(pbfl-Lys(Boc)-Val.Leu-Gly--OH r whereto tBu (tert-butylether), Pbf {^,2A,S.7^ 
Pentamethyldtoydro-benzof^^ are side chain protecting groups, was 

synthesised on an identical Z-chlorotrityl polystyrene resin (same lot number) as used in 
Example 3, according to the following protocol. 

The solvent volume in liter in each wash step was 4 times the weight in kilogram of 
the starting Fmoc-Gly loaded dry resin. 

25 1) Swell and wash 4.67 g of the resin, load Fmoc-Gly-OH 

2) Cleave the a-amino protecting group Frnoc by adding 3 times during 10 minutes a 
NMP solution comprising 1 volume % DBU and 5 volume Vo piperldine. 

3) Wash once with NMP during 2 minutes 

4) Wash once by 5 weight % HOBt in NMP during 2 minutes 
30 5) Wash 3 times by NMP during 2 minutes 

Q Add 2.23 g Ftaoc-Leu-OH and couple it to the resin-linked Gly in NMP. using 1.18 

ml DIC F 0.386 g HOBt. Kaiser monitoring is performed 
7) Wash once with NMP, during 2 minutes and once during 10 minutes with NMP 

containing 2 weight % BTMA hydroxide 
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8) TYeat 3 times during 10 minutes with 5 volume % piperidine / 1 volume % DBU 
in NMP, in order to cleave Ftaoc 

9) Wash once with. NMP during 2 minutes 

10) Wash once with 5 weight % HOBt in NMP during 2 minutes 
5 11) Wash 3 times with NMP during 2 minutes 

12) Repeat steps 6-11 with the next amino adds Ftnoc-Val-OH (2.14 g). Fmoc- 
Lys(Boc)-OH 12.96 g), Ftooc-Arg(PWD-OH (4.09 g). Ftooc-Tyr(tBu)-OH (2.90 g). 
Fmoc-Sex(tBu)-OH (2.42 g). 

13) Cleave the peptide from the resin 

L0 

Results 

HPLC purity was analysed for most of the fragments during the synthesis of the 
peptide, as produced according to example 3 and 4. 





Example 3 (without BTMA 
hydroxide) ! 


Example 4 (with BTMA 
hydroxide) 


Washes after coupling 


9 


2 


Washes after Ftnoc cleavage 


6 


5 


Total amount of wash solvent 
per gr dry starting resin for 
adding one amino add 


52.5 ml 


28 ml 


HPLC purity of fragments: 




Ftaoc-Leu-Gly-OH 


94.9% 


95.0 % 


Fmoc-Val-J^eu-Gly-OH 


90.4% 


94.0% 


Ftaqc-iU*g(PbfJ-Lys(Boc)Val-Leu- 
Gly-OH 


90.0% 


91.0% 


Fmoc-Ser(tBuJ-TyittBu)- 
Arg(Pbfl-Lys(Boc)val-Leu-Gly~ 
OH 


88.2 % 


91-7 % 
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The HPLC results clearly show that addition of a salt as defined according to this 
Invention in the washing after the coupling reaction gives comparable or higher purity. 
This result is achieved by only 7 wash steps and 28 nil solvent in total compared to 15 
wash steps and 52.5 ml solvent In the comparative example. 
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Claims 

1 . A process for the solid phase synthesis of bio-oligomers characterised In that at least 
one washing step is carried out In the presence of a salt (X^lmP^xi . 

2. A process for attaching an appropriately protected monomer or oligomer to another 

5 monomer or oligomer which is protected by a protecting group and which is attached 

to a support* comprising the following steps: 

a) cleave the protecting group from the monomer or oligomer attached to the 
support; and then 

b) perform a thorough washing; and then 

10 c) add an appropriately protected monomer or oligomer and couple it to the 

monomer ox oligomer that is attached to the support, to form a covalent bond; 
characterized in thai during the process, a salt PC^CY^n which is soluble in a 
solvent used in this process, is added, wherein, if the salt K^mOT^n is added in step 

c) v the solvent is neither a chloroform / phenol nor a chloroform/ trifluoroethanol 
15 mixture. 

3. A process for attaching an o>amino protected amino add or peptide having an 

unprotected C-tercrrinus to another amino acid or peptide which is protected by an a- 
amlno protecting group and which is attached to a support during solid phase peptide 
synthesis comprising the fallowing steps: , 
20 a} cleave the a-amiiio protecting group from the amino add or peptide attached to 

the support; and then 

b) perform a thorough washing: and then 

c) add an a-amino protected amino acid or peptide having an unprotected C~ 
termlnus and couple it to the amino acid or peptide that is attached to the support 

25 and that now has an unprotected N-terminus, to form an amide bond; 

characterized in that during the process, a salt CX n+ ) m iy»-)n, which is soluble in a 
solvent used in this process, is added, wherein, if the salt (X^mO^Jn is added in step 

c) . the solvent is neither a chloroform/phenol nor a chloroform/trifluoroethanol 
mixture. : 

30 4. A process according to claim 2 or 3, which additionally comprises the following step: 

t 

d) perform a thorough washing ! 
wherein step d) is performed after step c). ! 

5. A process for attaching an a-amino protected amino acid or peptide having an 

unprotected C-tenninus to another amino acid or peptide which is protected by an cc- 



i 

• 
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amino protecting group and which is attached to a support during solid phase peptide 
synthesis comprising the following steps: 

a) cleave the a- amino protecting group from the amino add or peptide attached to 
the support; 
5 b) perform a thorough washing; 

c) add an a-amino protected amino add or peptide having an unprotected O 
terminus and couple it to the amino add or peptide that is attached to the support 
and that now has an unprotected N-tenninus, to form an amide bond: and 

d) perform another thorough washing; 

10 characterized in that at least in step a), a salt (^ImO^lu, which is soluble in a solvent 

used in this step, is added. 
6. A process for attaching an a-amino protected amino acid or peptide having an 

unprotected O terminus to another amino add or peptide which is protected by an ex- 
amine protecting group and which is attached to a support during solid phase peptide 

15 synthesis comprising the following steps: 

a) deave the a-ainino protecting group from the amino add or peptide attached to 
the support: 

b) perform a thorough washing; 

c) add an a-amino protected amino add or peptide having an unprotected C- 

20 terminus and couple it to the amino acid or peptide that is attached to the support 

and that now has an unprotected JST-terminus. to form an amide bond; 

d) perform another thorough washing; and 

characterized in that at least in step b), a salt [X^aiO^Jn. which is soluble in a solvent 
used in this step, is added. 
25 7. A process for attaching an a-amino protected amino acid or peptide having an 

unprotected O terminus to another amino add or peptide which is protected by an a- 
amino protecting group and which is attached to a support during solid phase peptide 
synthesis comprising the following steps: 

a) deave the a-amlno protecting group from the amino add or peptide attached to 
30 the support; 

b) perform a thorough washing* 

c) add an a-amino protected amino add or peptide having an unprotected C- 
terminus and couple it to the amino add or peptide that is attached to the support 
and that now has an unprotected N-termlnus. to form an amide bond; and 

35 d) perform another thorough washing: 



0 4/07 '03 1 5:46 FAX 32 2 3399409 UCB IPD + OEB MUNCHEN ©027/029 



18 

characterized in that at least in step c). a salt P^^mCY^in, which Is soluble In a solvent 
used In this step, Is added, wherein the solvent is neither a chlorofonn/phenol nor a 
chloitrforxn/trlfluaroethanol mixture. 
8. A process for attaching an a-amino protected amino add or peptide having an 
S unprotected C-terminus to another amino acid or peptide which is protected by an a- 

amino protecting group and which is attached to a support during solid phase peptide 
synthesis comprising the following steps: 

a] cleave the a-amino protecting group from the amino add or peptide attached to 
the support 
10 b) perform a thorough washing; 

c) add an a-amino protected amino add or peptide having an unprotected C- 
terminus and couple it to the amino acid or peptide that is attached to the 
support and that now has an unprotected N~tennlnus, to form an amide bond; 
and 

15 dj perform another thorough washing; 

characterized in that at least in step d), a salt {^hSP^n, which is soluble in a solvent 
used in this step, is added. 

9. A process according to any of claims 1 to 8 wherein the salt PO^JmtY^kis selected 
from the group of quaternary ammonium salts, ionic liquids, pfhosphonium salts. 

20 sutfonium salts, inorganic salts or any mixture thereof. 

10. A process according to claim 9 wherein [¥>-)n is selected from the group of fluoride, 
chloride, bromide, iodide, hydroxide, carbonate, hydrogenocarbonate, nitrate, 
phosphate, hydrogenophosphate, dihydrogenophosphate. tetrafluoroborate, 
hexafluorophospbate, acetate, carboxylates, cyanides, lsocyanates, tetxa-alkylb orates, 

25 tetra-arylborates, trffiuoroacetate, tosylate. mesylate or any mixture thereof. 

1 1. A process according to claim 9 wherein the quaternary ammonium salt is selected 
from ben^trimethylammonium hydroxide, benzyitrlmethylammonium chloride or 
benzyltximethylammonium carbonate, the phosphonium salt is 
tetrabutylphosphonium bromide and the sulfonlum salt is triethyisulfonium 

30 tetrafluoroborate, 

12. A process according to any of claims 2 to 1 1 wherein the salt added in step a), b), c) or 
d) is also added in one or more or the other steps. 

13. A process according to any of maimft 3 to 12 wherein the a-amino protecting group is 
Fmoc (9-fluorenylmethoxycarbonyO orNsc (p-Nilxophenylsiilphonylethojcycarbanate) 

35 or any other base-deavable protecting group. 
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14. A process according to any of claims 3 to 12 wherein the a-amino protecting group is 
Boc (tert-butoxycarbonyD, Trt (trttylj. Bpoc (?-p-BiphenyU9oprapyloyycarboi^yI) or any 
other add-cleavable protecting group. 

15. A process according to any of claims 3 to 12 wherein the a-amino protecting group Is 
5 selected so that neither acid nor base treatment is required for its cleavage. 

16. A process for syxithesising a peptide comprising: 

a' ) gttarfrfrig a first amino add or peptide,, having an c^amino protecting group, via Its 
C-terndnus to a functianalized support; 

b* ) perform the process according to any of claims 3 to 15 with the following amino 
10 acid or peptide foreseen in the sequence; 

c' ) repeat step b' with the appropriate amino acids or peptides until the desired 
sequence is achieved; and 

d" ) cleave the assembled peptide from the support by an appropriate method. 



Abstract 

The present Invention relates to an Improved process for supported phase 
synthesis, in particular for supported phase peptide synthesis, that makes use of salts, in 
particular of quaternary ammonium salts. 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 



LJ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




